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Description
BACKGROUND OF THE INVENTION

This invention relates to reference electrodes of sol-
id type, which have a polymer film covering a surface of
an electrically conductive substrate.

Heretofore, as an electrochemical reference elec-
trode there is selected one, the output potential of which
is not substantially changed electrochemically while it is
in a liquid under test, which is subject to changes in the
ion concentration, particularly hydrogen ion concentra-
tion. Well-known examples of such reference electrode
are, typically, saturated calomel electrodes, silver/silver
chloride electrodes and hydrogen electrodes. Further,
recently researches and investigations are being con-
ducted on commonly termed solid type electrodes hav-
ing a film of an organic substance such as polystyrene
and parylene, on a gate insulation film of a MOS (metal
oxide semiconductor) field-effect transistor (hereinafter
referred to as MOS FET).

However, the prior art reference electrodes such as
saturated calomel electrodes can be difficultly miniatu-
arized because there is a liquid junction between refer-
ence electrolytic solution and a vessel therefor.

As a method of forming an organic film of polysty-
rene or the like for a reference electrode, there is a plas-
ma polymerization method (as disclosed in JP-A-
58103658 and JP-A-8334352.

However, with reference electrodes formed on MOS
FET by the plasma polymerization process noted
above, the stability of output potential is insufficient be-
cause of passage of ion active substance through the
polystyrene film mainly due to swelling of the film and
also of influence of active residue or functional radicals
produced during the electrolytic polymerization.

SUMMARY OF THE INVENTION

This invention has been developed in view of the
above problems, and its object is to provide a reference
electrode which can be readily miniatuarized, can pro-
vide a stable potential without being substantially influ-
enced by the ion concentration and is excellent in sta-
bility and durability.

To attain the above objects of the invention, there
is provided a reference electrode comprising an electri-
cally conductive substrate, a first lamination film provid-
ed on a surface of said substrate and including a silver
halide layer and a hydrophobic resin layer and a second
lamination film provided on a surface of said first lami-
nation layer and including a hydrophobic resin layer and
a salt layer, the composition of said salt layer being dif-
ferent from the composition of said silver halide layer.

The second lamination film, like the first one, may
be formed by alternately laminating silver halide layers
and hydrophobic resin layers as well, at least one silver
halide layer in the second lamination film containing a

10

15

20

25

30

35

40

45

50

55

salt other than the silver halide, and/or at least one silver
halide layer in the second lamination film being replaced
with a layer of a salt other than the silver halide.

Suitable examples of the salt other than the silver
halide are potassium chloride, sodium chloride, ammo-
nium chloride, lithium chloride and other halide salts.
Further, the salt may be other than halide salts, e.g., so-
dium nitrate and sodium sulfate.

Further, a mixture film of a mixture consisting of a
silver halide, a halide salt and hydrophobic resin may
be formed on a surface of the second lamination film.

According to the invention, there is further provided
areference electrode comprising an electrically conduc-
tive substrate, a lamination layer provided on a surface
of said substrate and formed by alternately laminating
silver halide layers and hydrophobic resin layers and a
mixture film consisting of a mixture of silver halide, a
halide salt and a hydrophobic resin.

The halide salt layers may contain a silver halide.

The electrically conductive substrate is made of sil-
ver or consists of a silver layer formed on an insulator
surface, and the silver halide is suitably a member of a
group consisting of silver chloride, silver bromide, silver
iodide and silver fluoride. The hydrophobic resin may be
any resin having hydrophobicity, e.g., polyolefin, poly-
styrene, polyimide, polycarbonate, polymethyl-meth-
acrylate (PMMA), polytetrafluoroethylene, polyvinyl flu-
oride, polyvinylidene fluoride and other fluorine resins.
Polytetrafluoroethylene is particularly suitably used.

A hydrophilic film, a gel film, or an ion-permeable
film may suitably be formed on a surface of the lamina-
tion film or mixture film for improving the antithrombic
separation of trapped matter and ions or passage of
ions, particularly chlorine ions. These films may suitably
be perfluoro ion-exchange films of polyvinyl chloride-
polyethyleneglycol copolymer, styrene-hydroxyethyl-
methacrylate (HEMA), styrene-hydroxyethyl-methacr-
ylate block polymer, polyurethane, polyvinyl alcohol,
polyhydroxethyl-methacylate, polyacrylamide  gel,
nafion (trademark), etc.

The halide salt layers and the like are formed by a
vacuum deposition process, a sputtering process, an
ion plating process, a cluster ion beam process, etc.,
while the hydrophobic resin layers are formed by a CVD
(chemical vapor deposition) process, and ion plating
process, a cluster ion beam process, a plasma polym-
erization process, a sputtering process, a photoresist
process, efc.

With the reference electrode according to the inven-
tion, the lamination film may be formed on a surface of
a gate insulation film of a field-effect transistor either di-
rectly or via a thin layer of silver.

When the reference electrode having the above
construction according to the invention is immersed in
an aqueous solution, water molecules pass through thin
layer of hydrophobic resin in the lamination film to reach
a silver halide layer or halide layer, and a fixed concen-
tration of halide ions are provided in each halide layer.
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Thus, a constant potential is generated in the first silver/
silver halide layer. In other words, each halide layer has
arole of the reference electrolyte and reference electro-
lyte chamber in the conventional reference electrode.
Thus, this reference electrode permits determination of
ion concentration by immersing it together with an ion
electrode in an aqueous solution, to use it as electrode
for reference potential generation in the ion concentra-
tion measurement, and measuring the potential differ-
ence between the reference electrode and ion elec-
trode.

Particularly, where the second lamination film con-
tains a halide salt such as potassium chloride or sodium
chloride as a thin film or as a component of a mixture,
dissociated chlorine ions are supplied through the hy-
drophobic resin layer to the neighborhood of silver hal-
ide layer. Therefore, silver ions and chloride ion can be
held sufficiently inside the electrode. It is thus possible
to effectively prevent silver ions from flowing out to the
outside by preventing liquation of silver chloride which
takes place with the lapse of time. This permits preven-
tion of the deterioration of the characteristics of the ref-
erence electrode to obtain stabilization and life exten-
sion.

In the case of a solution under test, which is free
from halogen ions, contamination of the solution by a
halogen-halide is liable. In such a case, it is possible to
use a salt other than halides.

The reference electrode according to the invention
is solid as noted before, and can be readily miniatuar-
ized. Further, it is difficultly influenced by the pH and
chlorine ion concentration and can provide a constant
potential, thus improving the stability and durability. Fur-
ther, the lamination film can be formed under the room
temperature condition with an atom beam sputtering ap-
paratus being used. Thus, high dimensional accuracy
of pattern formation can be obtained, and mass produc-
tion is possible by performing the formation in a semi-
conductor manufacturing process. Further, since the in-
tended function can be obtained with 1,000 angstroms
or below of the thickness of the lamination film, the ref-
erence electrode may be utilized in a form integrated
with a sensor in an ultramicro area of the order of mi-
crons.

As shown, since the reference electrode according
to the invention is a solid electrode with a lamination film
formed on an electrically conductive substrate or a gate
insulation film of a field-effect transistor and comprising
silver halide layers and hydrophobic resin layers, the in-
ner liquid chamber and liquid junction that are necessary
with the conventional electrode are unnecessary, so that
it is possible to realize miniatuarization. When this ref-
erence electrode is immersed in an aqueous solution,
the hydrophobic resin layer swells. Since it is very thin
(not thicker than 10 microns), water can migrate into the
lamination film to cause dissociation of the silver halide.
In other words, the lamination film itself can serve the
role of an inner liquid. Further, the hydrophobic layer can
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pass ions only very slightly and also has a laminar struc-
ture, and thus it can prevent flow-out of ions in it. This
hydrophobic resin layer serves the role of the liquid junc-
tion. Thus, the reference electrode according to the in-
vention can provide a stable potential like the conven-
tional reference electrode having an inner liquid cham-
ber. Further, of the lamination film the silver halide layers
are formed by the neutral beam sputtering process or a
vapor deposition process, while the hydrophobic resin
layers are formed by the neutral beam sputtering proc-
ess. Thus, the electrode can be miniatuarized and also
can be formed together with other ion sensors on a com-
mon chip, thus facilitating the manufacture of integrated
sensors.

BREIF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a plan view showing Reference Electrode
1 useful for understanding the invention;

Fig. 2 is a sectional view taken along line 2-2 in Fig.
1;
Fig. 3 is a sectional view taken along line 3-3 in Fig.
1;
Fig. 4 is a schematic view illustrating the sectional
structure of the same reference electrode;

Figs. 5 and 6 are schematic views showing appa-
ratuses for measuring the characteristics of the ref-
erence electrode;

Fig. 7 is a graph showing the pH dependency of the
reference electrode potential for Reference Elec-
trode 1;

Fig. 8 is a graph showing the chlorine ion concen-
tration dependency of the same reference electrode
potential;

Fig. 9 is a plan view showing the structure of Ref-
erence Electrode 2;

Fig. 10 is a sectional view taken along line 10-10 in
Fig. 9;

Fig. 11 is a sectional view showing Reference Elec-
trode 3;

Fig. 12 is a plan view showing the structure of a ref-
erence electrode as Embodiment 1 of the invention;
Fig. 13 is a sectional view taken along line 13-13in
Fig. 12;

Fig. 14 is a schematic view showing the sectional
structure of a reference electrode as embodiment
1; and

Fig. 15 is a graph showing the chlorine ion depend-
ency in Experiment examples 5 and 6.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Now, preferred embodiments of the invention will be
described in detail with reference to the drawings. De-
scription of other reference electrodes, which is useful
for understanding the present invention, will also be giv-
en.
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(REFERENCE ELECTRODE 1)

An electrode base was prepared by forming, on the
back surface of a saffire substrate 1 (having a face ori-
entation of (1102) and a size of 15 mm by 15 mm by 0.4
mm) as shown in Fig. 1, a pattern of a thin layer 2 of
chromium with a thickness of about 500 angstroms and
then a pattern of a thin layer 3 of silver with a thickness
of about 1,000 angstroms by a lift-off process using a
DC sputtering apparatus (manufactured by Arnerba
Inc.). The same electrode pattern as shown in Fig. 1 was
also formed on a surface of an isotropic alumina sub-
strate and on a surface of a glazed alumina substrate.
Then, a target of silver chloride and a target of a poly-
tetrafluoroethylene resin (available under a trademark
"Teflon") were alternately bombarded each 0O for every
30 minutes with a high-speed argon atom beam (1.15
to 1.2 mA in current level), provided by an atom beam
sputtering apparatus by ionizing argon gas at 7 kV, then
accelerating it and then neutralizing it again by providing
an electron shower for causing particles flying out from
the targets to be deposited on the surface of the elec-
trode base, thus forming a lamination film 4 with a thick-
ness of 300 to 500 angstroms as shown in schematic
sectional profile in Fig. 4. The silver chloride layers 4a
and polytetrafluoroethylene resin layers 4b in the lami-
nation film 4 each had a thickness of 30 to 50 angstroms.
Then, alead 5 was connected to the chromium thin layer
2 of the electrode base using an electrically conductive
adhesive (available under a trade name "C-850-6" by
Amicon Co., Ltd.). Thereafter, a silicone resin (PR 305,
clear, Tore Silicone Co., Ltd.) was coated as insulator to
conceal the connected portion of the lead 5 as well as
chromium and silver thin layers 2 and 3 and then dried,
thus completing the reference electrode RE1.

EXPERIMENT EXAMPLE 1

The reference electrode RE1 thus produced was
held immersed in a 50-mM phosphate buffer liquid (with
pH of 7.4) for 0,25, 45, 161 and 288 hours. Then, it was
immersed together with a commercially available satu-
rated sodium chloride calomel electrode (hereinafter re-
ferred to as SSCE) 9 in a phosphate buffer liquid 7 (with
pH of 7.4, 50 mM) containing 0.154 M of sodium chlo-
ride, as shown in Fig. 5, and the output potential (Vout)
of the electrode RE1 with respect to the SSEC 9 was
measured while agitating the buffer liquid with an agita-
tor 8. Fig. 7 shows the output potential of the electrode
corresponding to the pH of the solution. It will be seen
that this reference electrode provides a substantially
constant potential irrespective of the pH. However, the
electrodes using substrates other than the saffire sub-
strate for the electrode base had weak durability, and
their like was about 40 days.
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EXPERIMENT EXAMPLE 2

The reference electrode RE1 produced as above
by using the saffire substrate was held immersed in a
saturated sodium chloride aqueous solution for 45 days
after the production, and during this time the chloride
ion concentration dependency of the potential was eval-
uated. The same measurement method as in Experi-
ment example 1 was adopted except for using a stand-
ard buffer solution with pH of 6.86 as liquid under test,
varying the chloride ion concentration of the solution by
dissolving sodium chloride in the solution and measur-
ing the output potential with respect to the SSEC 9 at
this time. Fig. 8 shows the output potential of the elec-
trode corresponding to the chlorine ion concentration in
the solution. As is seen, the reference electrode RE1
provides a substantially constant potential irrespective
of the chlorine ion concentration. Characteristics of the
electrode were also examined after preserving the elec-
trode in the solution noted above for 100 days. It was
found that the electrode is not influenced by the pH so
long as the pH is in a range of 4 to0 9.2, and also no
potential change was recognized in a chlorine ion con-
centration range of 0 to 1 M.

(REFERENCE ELECTRODE 2)

As shown in Figs. 9 and 10, on a surface of a gate
insulation film 12 of a MOS ISFET (ion-selective field-
effect transistor) 11 was formed a lamination film 4 in-
cluding a silver chloride layer and a polytetrafluoroeth-
ylene resin layer by the same method as in Experiment
example 1. The lamination film 4 had a thickness of
about 700 angstroms, and it was formed by lamination
of 10 layers. For the gate insulation film 12 a pH-ISFET
electrode having an insulation film structure of a
1,000-angstrom silicon oxide film 13/ a 1,500-angstrom
nitride film 14 was used, and leads 17 were connected
in advance to source and drain regions 15 and 16. Fig.
10 shows a sectional structure taken along line 10-10 in
Fig. 9.

EXPERIMENT EXAMPLE 3

The reference electrode RE2 was held immersed in
a phosphate buffer solution 19 in the measuring appa-
ratus shown in Fig. 6, and the output potential (Vout) of
the electrode RE2 with respect to the SSEC 21 was
measured while agitating the phosphate buffer solution
19 with an agitator 20 for examining the pH dependency
and chlorine ion concentration dependency of the output
potential. The electrode provided a constant potential
within experimental errors (1 mV) in a pH range of 1 to
10, showing substantial freedom of the electrode from
the dependency on pH and chlorine ion concentration.
The measurement was performed with Vps =4 V and |4
=50 pA. It was found that the gate potential was shifted
in the negative direction by 1.0 to 1.5 V with respect to
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a pH electrode free from the lamination film 4. However,
the electrode can be utilized sufficiently as a reference
electrode for a semiconductor sensor so long as a shift
of the output voltage is made.

(REFERENCE ELECTRODE 3)

A thin film 22 of silver (with a thickness of 50 to 300
angstroms) was formed by vacuum deposition on a sur-
face of a gate insulation film 12 of a ISFET, as shown in
Fig. 11, in the same manner as for Reference Electrode
2. Then a lamination film 4 (with a thickness of 700 ang-
stroms) consisting of a silver chloride layer and a poly-
tetrafluoroethylene layer was formed on the entire sur-
face of the silver chloride film 22 in the same manner as
for Reference Electrode 1.

EXPERIMENT EXAMPLE 4

Of this reference electrode, the dependency on pH
and chlorine ion concentration was examined in the
manner as in Experiment example 3. It was found that
the electrode was free from the dependency in a pH
range of 1to 10 and in achlorine ion concentration range
of 0 to 1M. Further, great negative shift of the gate po-
tential as for Reference Electrode 2 was not observed.

(REFERENCE ELECTRODE 4: EMBODIMENT 1)

As shown in Figs. 12 and 13, an electrode base was
prepared by forming, on the back surface of a saffire
substrate 31 (having a face orientation of (1102) and a
size of 15 mm by 15 mm by 0.4 mm), a pattern of a thin
layer 32 of chronium with a thickness of about 500 ang-
stroms and then a pattern of a thin layer 33 of silver with
a thickness of about 1,000 angstroms by a lift-off proc-
ess using a DC sputtering apparatus. The same elec-
trode pattern as shown in Fig. 12 was also formed on a
surface of an isotropic alumina substrate and also on a
surface of a glazed alumina substrate. Then, targets of
silver chloride, polytetrafluoroethylene resin and potas-
sium chloride were alternately bombarded with a high-
speed argon atom beam (1.2 mA in current level, inci-
dence angle of 30 to 45 degrees), provided by an atom
beam sputtering apparatus by ionizing argon gas at 7
kV, then accelerating it and then neutralizing it again by
providing an electron shower for causing particles flying
out from the targets to be deposited on the surface of
the electrode base, thus forming a lamination film 34
with a thickness of about 2,500 angstroms. The silver
chloride layers 34a, polytetrafluoroethylene resin layers
34b and potassium chloride layers 34c of the lamination
film 34 each had a thickness of about 50 angstroms.
Then, a lead 36 is connected to the silver thin layer 33
of the electrode base using an electrically conductive
adhesive 35 (C-850-6, Amicon Inc.). Thereafter, an in-
sulating film 37 consisting of an epoxy resin layer 37a
and a Teflon coat enamel film 37b was provided to con-
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ceal the connected portion of the lead 36 and chromium
and silver thin layers 32 and 33, thus completing the ref-
erence electrode 38 (Fig. 12).

EXPERIMENT EXAMPLE 5

The reference electrode 38 thus produced was held
immersed together with SSEC in phosphate buffer so-
lutions with chlorine ion concentrations of 0.001, 0.1 and
1.0 M, and the output potential (Vout) of the electrode
38 with respect to the SSCE was measured while agi-
tating the solution with an agitator. Fig. 15 shows the
output potential of the electrode corresponding to the
chlorine ion concentration of the solution.

It is thus confirmed that the reference electrode of
this embodiment provides a substantially constant po-
tential irrespective of the chlorine ion concentration.

Further, the characteristics of the electrode were
examined after preserving the electrode in the solution
noted above for 100 days. It was found that the output
potential is free from the influence of the pH in a range
of 410 9.2 and also is free from influence by chlorine ion
concentration ina range of 0 to 1 M.

(REFERENCE ELECTRODE 5: EMBODIMENT 2)

A lamination film with a thickness of 500 angstroms
was formed by alternately laminating silver chloride lay-
ers, polytetrafluoroethylene layers and potassium chlo-
ride layers by the method as in Embodiment 1, and then
lead is connected to complete a reference electrode.

(REFERENCE ELECTRODE 6: EMBODIMENT 3)

A lamination film with a thickness of 50 angstroms
was formed by alternately laminating silver chloride lay-
ers, polytetrafluoroethylene layers and potassium chlo-
ride layers in the manner as in Embodiment 2.

EXPERIMENT EXAMPLES 6 AND 7

The output potentials of the reference electrodes in
the embodiments 2 and 3 with respect to the SSCE were
measured in the manner as in Experiment example 5.
Fig. 15 shows the result. The reference electrode in Em-
bodiment 2 provided a substantially constant potential
irrespective of chlorine ion concentration. The reference
electrode in Embodiment 3, which had a small film thick-
ness, could not prevent flow-out of chlorine ions, and
therefore showed a slight slope of the plot of the output
potential versus chlorine ion concentration.

(REFERENCE ELECTRODES 7 TO 9:
EMBODIMENTS 4 TO 6)

A thin film of chromium with a thickness of about
100 angstroms was formed on a surface of a saffire sub-
strate (having a face orientation on a (1002) usinga DC
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sputtering apparatus. Then, a silver chloride layer with
a thickness of 300 angstroms and containing 0.1 to 10
% of sodium chloride and then a thin layer of silver with
a thickness of about 500 angstroms were formed on a
surface of the silver thin layer using a vacuum deposition
apparatus.

Then, a polytetrafluoroethylene thin film with a
thickness of about 100 angstroms was formed to cover
the silver chloride layer by causing bombardment of a
polytetrafluoroethylene target by a neutral argon beam
using a neutral atom sputtering apparatus (Embodiment
4).

Then, the silver chloride thin layer and poly-
tetrafluoroethylene thin layer were formed repeatedly
four times and eight items, respectively (Embodiments
5 and 6).

An end portion of lead was masked as connected
portion with an aluminum bottle lest the polytetrafluor-
oethylene and silver chloride thin layers should be
formed on it. Subsequently, a thin covered copper wire
was bonded using a silver paste, and then insulation
was provided with an epoxy resin adhesive except for a
central area of about 2 mm by 2 mm. Then, for further
insulation a Teflon coat enamel film (Daikin Kogyo Co.,
Ltd.) was formed under process conditions of 10010 110
°C and 45 minutes.

EXPERIMENTAL EXAMPLE 8

The electrodes produced in Embodiments 4 to 6
were each held immersed as function electrode together
with a SSCE in a sample solution and their electromotive
force response was measured using an electrometer
(manufactured by Advan Test Co., Lid.). More specifi-
cally, the pH dependency was examined using standard
buffer solutions with pH of 4.01, 6.86 and 9.18. The ref-
erence electrodes of Embodiments 4 to 6 were all free
from influence of the pH. Further, the chlorine ion con-
centration dependency was examined by varying the
chlorine ion concentrationto 0.01, 0.1 and 1 M by adding
sodium chloride while holding a constant pH (of 6.86).
The electrodes of Embodiments 4 to 6 all came to show
a potential close to a theoretical level (-40 mW with re-
spect to SSCE) in about one hour from the instant when
they were immersed in solution.

It was thus found quick initial stabilization could be
obtained by incorporating a chloride salt in the silver
chloride layer.

(REFERENCE ELECTRODE 10: EMBODIMENT 7)

Asilver layer with a thickness of 500 angstroms was
formed on a sapphire substrate in the manner as shown
in Embodiment 7, and then a silver chloride layer with a
thickness of about 300 angstroms was formed using a
vacuum deposition apparatus.

Then, a solution obtained by dissolving 0.5 t0 1 %
of polymethyl-methacrylate (PMMA, with a molecular
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weight of 108 to 107) in a methylisobuthylketone (MIBK)
as solvent was coated on the silver chloride layer using
a spin coating apparatus and under conditions of 1,000
rom and 30 seconds. The coating was then dried at 110
°C for 30 minutes and then thermally processed at 170
°C for 10 minutes, thus forming a polymethylmethacr-
ylate film with a thickness of 500 to 1,000 angstroms.
Then, a silver chloride layer containing 1 % of sodium
chloride was formed using a vacuum deposition appa-
ratus to cover the polymethyl-methacrylate film. Then a
polymethyl-methacrylate film with a thickness of 500
angstroms was formed in the same method as de-
scribed above. Inthe above way, the silver chloride layer
containing sodium chloride and polymethyl-methacr-
ylate layer were laminatingly formed alternately ten
times. A lead end portion was masked as connected
portion with a tape of polyimide (available under a trade-
mark "Capton"), and after formation of the lamination
film the tape was peeled off, and the lead (i.e., thin cop-
per wire) was bonded using a silver paste. Then, the
entire base was covered for insulation with an epoxy
resin adhesive and a Teflon coat enamel film such as to
expose a central portion with about 2 mm by 2 mm of
the polymethyl-methacrylate film.

(REFERENCE ELECTRODE 11: EMBODIMENT 8)

A reference electrode was produced in the same
manner as in Embodiment 7 except for that "Fluorore-
sist" (a trademark by Daikin Kogyo Co., Ltd.) was used
in lieu of polymethylmethacrylate. "Fluororesist" con-
tains a resin obtained by grafting a fluorine-based poly-
mer in polymethyl-methacrylate.

(REFERENCE ELECTRODE 12: EMBODIMENT 9)

A reference electrode was produced in the same
manner as in Embodiment 7 except for that a polyimide-
based photoresist (for instance "Photoneese”, a trade-
mark by Tore Co., Ltd.) in lieu of polymethyl-methacr-
ylate. In this case, however, every time the photoresist
was coated, prebaking was subsequently done at 110
°C for 20 minutes, and then UV ultraviolet exposure was
done, and postbaking was done several times at 180 to
400°C.

(REFERENCE ELECTRODES 13 AND 14)

A lamination film consisting of a silver chloride layer
and a polytetrafluoroethylene resin layer was formed on
a surface of a gate insulation film of a MOS ISFET in the
manner as for Reference Electrodes 7 to 12. As gate
insulation film was used a silicon wafer with an insulating
film consisting of a silicon oxide layer (1,000 angstroms
thick) and a silicon nitride layer (1,500 angstroms thick).
A silver/silver chloride layer and a silver chloride layer
were deposition formed on the ISFET substrate surface,
and an electrode pattern was formed on and in the
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neighborhood of the gate insulation film by a lift-off proc-
ess.

For Reference Electrode 13, the polytetrafluoroeth-
ylene resin layer was formed only on a gate insulation
section using a metal mask and a neutral argon atom
beam sputtering apparatus, while forming the silver
chloride layer using a vacuum deposition apparatus. For
Reference Electrode 14, the polyimide-based photore-
sist was spin-coated to a thickness of 500 angstroms
and then exposed and developed using a photomask to
selectively leave a resist film on the gate insulation film
only. Subsequently, postbaking was done at about 400
°C, and a silver chloride layer was deposited using a
meral mask.

Lamination film was formed in this way, and then a
photoresist film was formed over the entire surface, fol-
lowed by UV exposure leaving source and drain elec-
trode contact sections and postbaking at 180 to 400 °C
for insulation.

EXPERIMENT EXAMPLE 9

The reference electrodes produced in Embodi-
ments 7 to 9 were tested to examine the pH and chlorine
ion concentration dependencies of the output potential
using the same method as in Experiment example 8. It
was found that there was substantially no influence by
pH in a pH range of 2 to 10 and also influence by the
chlorine ion concentration was not substantial. Further,
after immersion in solution values near the theoretical
value (-40 mV, with respect to SSCE) could be obtained
in 30 minutes to 5 hours.

EXPERIMENT EXAMPLE 10

The FET electrodes produced as Reference Elec-
trodes 13 and 14 were each connected to an ISFET driv-
er, and their output potential with respect to SSCE was
measured in the manner as in Experiment example 8. It
was found that the output voltage was stable and inde-
pendent of the pH and chlorine ion concentrations.

Claims

1. A reference electrode comprising an electrically
conductive substrate, a first lamination film provid-
ed on a surface of said substrate and including a
silver halide layer and a hydrophobic resin layer and
a second lamination film provided on a surface of
said first lamination layer and including a hydropho-
bic resin layer and a salt layer, the composition of
said salt layer being different from the composition
of said silver halide layer.

2. The reference electrode according to claim 1,
wherein said second lamination film is formed by
alternately laminating silver halide layers and hy-

10

15

20

25

30

35

40

45

50

55

10.

11.

12.

drophobic resin layers, at least one silver halide lay-
er in said second lamination film containing a salt
other than silver halide.

The reference electrode according to claim 1,
wherein said second lamination film is formed by
alternately laminating silver halide layers and hy-
drophobic resin layers, at least one silver halide lay-
er in said second lamination film being replaced by
a salt other than silver halide.

The reference electrode according to one of claims
2 and 3, wherein said salt is a halide salt.

The reference electrode according to one of claims
2 and 3, wherein said salt is a salt other than any
halide salt.

The reference electrode according to any previous
claim, wherein said salt layer comprises potassium
chloride, sodium chloride or lithium chloride.

The reference electrode according to any previous
claim, wherein a mixture film consisting of a mixture
of silver halide, a halide salt and a hydrophobic resin
is formed on a surface of said second lamination
film.

A reference electrode comprising an electrically
conductive substrate, a lamination layer provided
on a surface of said substrate and formed by alter-
nately laminating silver halide layers and hydropho-
bic resin layers and a mixture film consisting of a
mixture of silver halide, a halide salt and a hydro-
phobic resin.

The reference electrode according to one of claims
1 to 8, wherein said electrically conductive sub-
strate is made of silver or is a substrate obtained by
forming a silver layer on a surface of an insulator.

The reference electrode according to one of claims
1 to 9, which comprises a silver halide layer of a
member of a group consisting of silver chloride, sil-
ver bromide, silver iodide and silver fluoride.

A reference electrode comprising a lamination film
as set forth in one of clams 1 to 8 and 10, said lam-
ination film being formed on a surface of a gate in-
sulation film of a field-effect transistor.

A reference electrode comprising a lamination film
as set forth in one of clams 1 to 8 and 10, said lam-
ination film being formed via a thin layer of silver on
a surface of a gate insulation film of a field-effect
transistor.
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Patentanspriiche

1.

Referenzelekirode, umfassend ein elektrisch lei-
tendes Substrat, einen ersten Laminatfilm, der auf
einer Oberflaiche des Substrats bereitgestellt ist
und eine Silberhalogenidschicht sowie eine hydro-
phobe Harzschicht einschlieBt, und einen zweiten
Laminatfilm, der auf einer Oberflache des ersten
Laminatfilms bereitgestellt ist und eine hydrophobe
Harzschicht sowie eine Salzschicht einschlie3t, wo-
bei die Zusammensetzung der Salzschicht von der
Zusammensetzung der Silberhalogenidschicht ver-
schieden ist.

Referenzelekirode nach Anspruch 1, wobei der
zweite Laminatfilm durch abwechselnde Laminie-
rung von Silberhalogenidschichten und hydropho-
ben Harzschichten gebildet ist und mindestens eine
Silberhalogenidschicht im zweiten Laminatfilm ein
anderes Salz als Silberhalogenid enthalt.

Referenzelekirode nach Anspruch 1, wobei der
zweite Laminatfilm durch abwechselnde Laminie-
rung von Silberhalogenidschichten und hydropho-
ben Harzschichten gebildet ist und mindestens eine
Silberhalogenidschicht im zweiten Laminatfilm
durch ein von Silberhalogenid verschiedenes Salz
ersetzt ist.

Referenzelekirode nach einem der Anspriche 2
und 3, wobei das Salz ein Halogenidsalz ist.

Referenzelekirode nach einem der Anspriche 2
und 3, wobei das Salz ein von irgendwelchen Ha-
logenidsalzen, verschiedenes Salz ist.

Referenzelekirode nach einem der vorhergehen-
den Anspriiche, wobei die Salzschicht Kaliumchlo-
rid, Natriumchlorid oder Lithiumchlorid umfaBt.

Referenzelekirode nach einem der vorhergehen-
den Anspriche, wobei ein aus einem Gemisch aus
Silberhalogenid, Halogenidsalz und hydrophobem
Harz bestehender Mischfilm auf einer Oberflache
des zweiten Laminatfilms gebildet ist.

Referenzelekirode, umfassend ein elektrisch lei-
tendes Substrat, eine Laminatschicht, die auf einer
Oberflache des Substrats bereitgestellt ist und
durch abwechselnde Laminierung von Silberhalo-
genidschichten und hydrophoben Harzschichten
gebildet ist, sowie einen aus einem Gemisch aus
Silberhalogenid, Halogenidsalz und hydrophobem
Harz bestehenden Mischfilm.

Referenzelekirode nach einem der Anspruche 1 bis
8, wobei das elektrisch leitende Substrat aus Silber
gemacht oder ein durch Bildung einer Silberschicht
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auf einer Oberflache eines lIsolators erhaltenes
Substrat ist.

Referenzelektrode nach einem der Anspriche 1 bis
9, umfassend eine Silberhalogenidschicht aus ei-
nem Element einer aus Silberchlorid, Silberbromid,
Silberiodid und Silberfluorid bestehenden Gruppe.

Referenzelekirode, unfassend einen Laminatfilm
geman einem, der Anspriiche 1 bis 8 und 10, wobei
der Laminatfilm, auf einer Oberflache eines Gate-
Isolierfilms eines Feldeffekitransistors gebildet ist.

Referenzelekirode, umfassend einen Laminatfilm
geman einem der Anspriche 1 bis 8 und 10, wobei
der Laminatfilm Gber eine Dlnnschicht aus Silber
auf einer Oberflache eines Gate-Isolierfilms eines
Feldeffekitransistors gebildet ist.

Revendications

Electrode de référence comprenant un substrat
électriquement conducteur, un premier film de stra-
tification disposé sur une surface dudit substrat et
comprenant une couche d'halogénure d'argent et
une couche de résine hydrophobe et un second film
de stratification disposé sur une surface de ladite
premiére couche de stratification et comprenant
une couche de résine hydrophobe et une couche
de sel, la composition de ladite couche de sel étant
différente de la composition de ladite couche
d'halogénure d'argent.

Electrode de référence selon la revendication 1,
dans laquelle ledit second film de stratification est
formé par stratification alternée de couches
d'halogénure d'argent et de couches de résine hy-
drophobe, au moins une couche d'halogénure d'ar-
gent dans ledit second film de stratification conte-
nant un sel différent d'un halogénure d'argent.

Electrode de référence selon la revendication 1,
dans laquelle ledit second film de stratification est
formé par stratification alternée de couches
d'halogénure d'argent et de couches de résine hy-
drophobe, au moins une couche d'halogénure d'ar-
gent dans ledit second film de stratification étant
remplacée par un sel différent d'un halogénure d'ar-
gent.

Electrode de référence selon l'une des revendica-
tions 2 et 3, dans laquelle ledit sel est un halogénu-
re.

Electrode de référence selon l'une des revendica-
tions 2 et 3, dans laquelle ledit sel est un sel différent
d'un quelconque halogénure.
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Electrode de référence selon I'une quelconque des
revendications précédentes, dans laquelle ladite
couche de sel comprend du chlorure de potassium,
du chlorure de sodium ou du chlorure de lithium.

Electrode de référence selon I'une quelconque des
revendications précédentes, dans laquelle un film
de mélange consistant en un mélange d'halogénure
d'argent, d'un halogénure etd'une résine hydropho-
be est formé sur une surface dudit second film de
stratification.

Electrode de référence comprenant un substrat
électriquement conducteur, une couche de stratifi-
cation disposée sur une surface dudit substrat et
formée par stratification alternée de couches
d'halogénure d'argent et de couches de résine hy-
drophobe et un film de mélange consistant en un
mélange d'halogénure d'argent, d'un halogénure et
d'une résine hydrophobe.

Electrode de référence selon I'une des revendica-
tions 1 & 8, dans laquelle ledit substrat électrique-
ment conducteur est constitué par de I'argent ou est
un substrat obtenu par formation d'une couche d'ar-
gent sur une surface d'un isolant.

Electrode de référence selon l'une des revendica-
tions 1 29, qui comprend une couche d'halogénure
d'argent d'un membre d'un groupe consistant en le
chlorure d'argent, le bromure d'argent, l'iodure d'ar-
gent et le fluorure d'argent.

Electrode de référence comprenant un film de stra-
tification selon |'une des revendications 1 a 8 et 10,
ledit film de stratification étant formé sur une surfa-
ce d'unfilm d'isolation de grille d'un transistor a effet
de champ.

Electrode de référence comprenant un film de stra-
tification selon |'une des revendications 1 a 8 et 10,
ledit film de stratification étant formé par l'intermé-
diaire d'une mince couche d'argent sur une surface
d'un film d'isolation de grille d'un transistor a effet
de champ.
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